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ABSTRACT 
The chemical characteristics of the woods from several eucalypt hybrids from the Brazilian 
Genolyptus program were studied. Analyses of the lipophilic extractives indicated a similar 
composition in all eucalypt hybrids, which were dominated by sitosterol, sitosterol esters and 
sitosteryl 3β-D-glucopyranoside, that are responsible for pitch deposition during kraft pulping of 
eucalypt wood. The chemical composition and structure of lignins were characterized by Py-
GC/MS and 2D-NMR. All the lignins showed a predominance of β-O-4 ether linkages (75-79% of 
total side-chains), followed by β-β resinol-type linkages (9-11%) and lower amounts of β-5 
phenylcoumaran-type, and β-1 spirodienone-type linkages. The lignin from the hybrid G1×UGL 
presented the highest S/G ratio and the highest proportion of β-O-4 linkages, and therefore, it is 
foreseen that this wood will be more easily delignifiable than the other selected eucalypt hybrids. 
I. INTRODUCTION 
Eucalypt is a fast growing tree whose wood is the main raw material for paper pulp production in 
Southwest Europe, Brazil, South Africa, and other countries. Eucalypt is the largest single global 
source of market pulp and its use for pulp production has greatly increased during last decades, the 
world production attaining nearly 20 million tons per year, which is about 60% of the total 
hardwood pulp produced. The major interest in eucalypt wood comes from its low production cost 
in certain regions, due mainly to high forest productivity and high pulp yield, and the outstanding 
quality of their fibers. Biomass production costs are low in Brazil compared to other parts of the 
world, due to proper climate, large available areas for cultivation, advanced forest and agricultural 
technologies and excellent adaptation of certain crops in the tropical climate. Thus, Brazil presents 
great potential for the growing of eucalypt plantations. 
In this paper, we report the chemical characteristics of the woods from different eucalypt hybrids 
grown in Brazil and coming from the Brazilian Network of Eucalyptus Genome Research, the so-
called Genolyptus program (Grattaplagia, 2004), a nationwide initiative which involved integrated 
advances in genomic resources, molecular breeding and wood phenotyping technologies. A special 
emphasis will be put in the lipid and lignin composition since these two fractions play an 
important role during pulping, bleaching and papermaking. 
II. EXPERIMENTAL 
Samples. The eucalypt hybrid woods selected for this study were supplied by the University of 
Viçosa (Brazil) and consisted of five-year-old trees of the following double or triple crossings: E. 
grandis × E. urophylla (IP), E. urophylla × E. urophylla (U1×U2), E. grandis × [E. urophylla × E. 
globulus] (G1×UGL), and [E. dunnii × E. grandis] × E. urophylla (DG×U2). The wood samples 
were milled and successively extracted with acetone in a Soxhlet apparatus for 8 h and with hot 
water (3 h at 100ºC). The acetone extracts were evaporated to dryness, and resuspended in 
chloroform for chromatographic analysis of the lipophilic fraction. Klason lignin was estimated 
according to T222 om-88 (Tappi 2004). Milled-wood lignin (MWL) was extracted from finely 
ball-milled (15 h) plant material, free of extractives and hot water soluble material, using dioxane-
water (9:1, v/v), as described (Björkman, 1956). 
GC/MS analysis. The GC/MS analysis were performed on a Varian 3800 GC/MS equipped with a 
high-temperature capillary column (DB-5HT, 15 m × 0.25 mm i.d., 0.1 μm film thickness). The 
oven was heated from 120 ºC to 380 ºC at 10 ºC/min. The temperature of the injector during the 
injection was 120 ºC, and was programmed to 380 ºC at a rate of 200 ºC/min and held for 10 min. 
The lipophilic extractives were analyzed both underivatized and as trimethylsilyl derivatives 
formed by reaction with BSTFA. Peaks were quantified by area, and a mixture of standards 
(octadecane, palmitic acid, sitosterol, cholesteryl oleate, and sitosteryl 3β-D-glucopyranoside) was 
used to elaborate calibration curves. 
 
Py-GC/MS. Pyrolysis were performed with a 2020 micro-furnace pyrolyzer (Frontier Labs) 
connected to an Agilent 6890 GC/MS system equipped with a DB-1701 fused-silica capillary 
column (30 m x 0.25 mm i.d., 0.25 μm film thickness) and an Agilent 5973 mass selective detector 
(EI at 70 eV). The pyrolysis was performed at 500 ºC. The GC oven temperature was programmed 
from 50 ºC (1 min) to 100 ºC at 30 ºC/min and then to 290 ºC (10 min) at 6 ºC/min. 
 
NMR spectroscopy. Around 40 mg of MWLs were dissolved in 0.75 mL of DMSO-d6. NMR 
spectra were recorded at 25 ºC on a Bruker AVANCE 600 MHz instrument equipped with a 
cryogenically-cooled z-gradient triple-resonance probe.  
III. RESULTS AND DISCUSSION 
Chemical characteristics of the Brazilian eucalypt hybrid woods 
 
The content of acetone extractives, water soluble material, Klason lignin and acid soluble lignin in 
the Brazilian woods from the different eucalypt hybrids is listed in Table 1. 
 
 
Table 1. Content (%) of different components of the woods of the different eucalypt hybrids. 
Component IP U1×U2 G1×UGL DG×U2 
Acetone extractives (lipophilics) 0.6 (0.2) 2.1 (0.2) 2.2 (0.3) 0.9 (0.2) 
Water soluble material 1.4 1.7 1.8 1.5 
Klason lignin 24.2 24.3 24.1 24.5 
Acid-soluble lignin 3.0 3.4 3.4 3.1 
 
 
Lipid composition of the Brazilian eucalypt hybrid woods 
 
The lipophilic extracts from the eucalypt hybrid woods were analyzed by GC and GC/MS using 
short- and medium-length high temperature capillary columns, respectively, with thin films, 
according to the method previously described (Gutiérrez et al., 1998). The abundances of the main 
lipophilic compounds identified in the selected Brazilian eucalypt hybrids are detailed in Table 2. 
 
 
Table 2. Composition of lipophilic extractives (mg/kg wood) from the eucalypt hybrids. 
Compound IP U1×U2 G1×UGL DG×U2 
     
Fatty Acids 289.7 139.8 310.2 208.0 
Steroid hydrocarbons 35.7 16.4 19.3 27.8 
Sterols 901.5 411.8 731.1 895.4 
Tocopherols 2.1 1.2 6.9 3.7 
Steroid ketones 44.7 19.8 60.7 26.5 
Monoglycerides 157.4 130.5 201.9 123.0 
Diglycerides 23.4 10.4 14.2 15.7 
n-Alkylferulates 17.0 9.3 51.6 11.8 
Sterol glycosides 130.0 96.5 128.9 177.7 
Tocopherol esters 3.3 4.3 9.2 9.0 
Sterol esters 384.6 432.6 375.9 346.4 
Triglycerides 11.1 4.8 10.3 9.5 
 
The most predominant lipophilic compounds present in all eucalypt woods were steroids, 
including sterols, sterol glycosides and sterols esters, with lower amounts of steroid ketones and 
steroid hydrocarbons. Other important lipophilic compounds were series of fatty acids, glycerides 
and minor amounts of squalene, tocopherols and a series of alkyl ferulates. This composition is 
similar to that reported in the woods of other eucalypt species (Gutiérrez et al., 1999; Rencoret et 
al. 2007). The wood from U1×U2 presents the lowest content of free sterols, which are among the 
main compounds responsible for pitch deposition during kraft cooking of eucalypt wood (del Río 
et al., 1998), while the rest of the eucalypt hybrids selected for this study present higher amounts 
of free sterols, and therefore will be more prone to have pitch deposition problems. 
Composition and structure of the lignins from the Brazilian eucalypt hybrid woods 
The structure of the isolated lignins was analyzed by Py-GC/MS and 2D-NMR. Py-GC/MS data 
indicated that the lignin from the eucalypt hybrids IP, U1×U2 and DG×U2 presented similar lignin 
composition, while the lignin from G1×UGL showed the highest S/G ratio. This composition will 
make the wood from the hybrid G1×UGL easier to be delignified under kraft cooking than the 
other eucalypt hybrids due to the higher reactivity of the S-lignin in alkaline systems. 
 
The lignin inter-unit linkages were analyzed by 2D-NMR. The HSQC spectrum of a representative 
eucalypt MWL (from DG×U2) is shown in Figure 1, together with the main lignin substructures 
present. The spectra showed signals corresponding to β-O-4 alkyl aryl ether linkages (A), as well 
as resinols (B), phenylcoumarans (C) and spirodienones (D). Other small signals corresponded to 
β-O-4 substructures bearing a Cα carbonyl group (E), β-1 open substructures (F) and p-
hydroxycinnamyl (I) end-groups. The cross-signals observed in the aromatic region corresponded 
to the benzenic rings from syringyl (S) and guaiacyl (G) units. Signals of H units were not 
detected in any of the HSQC spectra. 
 
 
 
 
Figure 1. HSQC NMR spectrum of a representative MWL (from DG×U2). Main structures present in the 
lignins: (A) β-O-4 aryl ethers; (B) resinols; (C) phenylcoumaranes; (D) spirodienones; (E) Cα-oxidized β-O-4 
aryl ethers; (F) conventional open β-1 structures; (I) p-hydroxycinnamyl alcohol end-groups; (G) guaiacyl 
units; (S) syringyl units; (S') oxidized syringyl units bearing a carbonyl group at Cα (phenolic); (S'') oxidized 
syringyl units bearing a carboxyl group at Cα. 
The percentage of lignin inter-units linkages in the different eucalypt lignins (referred to total side-
chains) are indicated in Table 3. In all cases, the main linkage was β-O-4 alkyl-aryl ether (A) that 
amounted to 75-79% of all side-chains (including the oxidized β-O-4 ones, E). The second most 
abundant linkage corresponded to resinols (B) that involved around 9-11% of all side-chains. The 
other linkages, such as phenylcoumarans (C) and spirodienone (D) were present in lower 
proportions (1-5% of all side-chains). A NMR estimation of the molar S/G ratios is included in 
Table 3, and ranges from 2.2 to 2.8. The highest S/G value corresponded to the lignin from 
G1×UGL, as observed by Py-GC/MS. The higher S/G ratio observed in this lignin is related to the 
highest proportion of β-O-4 ether linkages. Ether linkages are cleaved during alkaline cooking, 
while condensed linkages resist cooking conditions. Therefore, it is foreseen that the wood from 
G1×UGL will be more easily delignifiable than the other eucalypt hybrids. 
 
 
Table 3. Percentage of lignin side-chains forming different inter-unit linkages (A-E) and terminal structures 
(F) from the HSQC spectra of MWL from wood of the different eucalypt hybrids analyzed. 
 IP U1×U2 G1×UGL DG×U2 
β-O-4' alkyl aryl ethers (A) 75 74 77 74 
Resinols (B) 11 11 9 11 
Phenylcoumarans (C) 5 5 5 5 
Spirodienones (D) 4 4 3 4 
β-O-4' (Cα=O) (E) 1 1 2 1 
β-1' substructures (F) 1 2 1 2 
p-Hydroxycinnamyl alcohol end-groups (I) 3 3 3 3 
     
S/G ratio 2.2 2.2 2.8 2.2 
 
IV. CONCLUSIONS 
The lipid and lignin content of the Brazilian eucalypt hybrid woods were very similar, but a 
detailed analytical study indicated some differences in their composition. The analysis of 
lipophilic extractives indicated the presence of high amounts of free and conjugated sterols, which 
have a high propensity to form pitch deposits. Among them, the wood from U1×U2 had the lowest 
content of these detrimental compounds and therefore is less prone to pitch problems. Some 
differences were also found among the lignins, with the lignin from G1×UGL presenting the 
highest S/G ratio and the highest proportion of β-O-4 linkages. This composition makes the wood 
from this hybrid more easily delignifiable under kraft cooking than the other eucalypt hybrids.  
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